Abstract-This paper highlights the vision of CASPER project towards user-centric network and service management in future mobile networks. Putting the end-users of the network at the epicenter of the service provisioning process, CASPER builds on top of the Software Defined Networking (SDN) and the Network Functions Virtualization (NFV) advances a middleware architecture which will realize user-centric orchestration of service and network functions. User centricity will be leveraged through a Quality of Experience-oriented framework, composed of three modular functions, namely the QoE monitoring and estimation, the QoE service and network management, and the QoE control interface.
I. INTRODUCTION
The subjective perception of the network and service quality has been incorporated in the term Quality of Experience (QoE) [1] [2] . QoE quantifies end-user's (mainly video consumer's) satisfaction level and it is indirectly correlated with user's engagement with the service. In addition, QoE is a key factor for enabling advanced customer experience management (CEM). The main objective of CASPER project 1 is to combine academic and industrial forces towards leveraging the expected benefits of QoE exploitation in 5G networks.
CASPER moves beyond theoretical analysis and focus on the applicability of research findings into an integrated middleware architecture, following industrial requirements and recent standardization activity. The user-centric logic of the CASPER project is based on deep QoE analysis and adopts mainly results from the [5] [6] [7] [8] , combined with the flexibility and re-configurability provided by the software defined networking (SDN) [2] and network function virtualization (NFV) [3] technologies. In a bidirectional manner, CASPER proposes a middleware architecture which acquires QoE influence factors from anchor points in the network and applies QoE-driven network and service management policies.
For a beneficial intervention of QoE in network and service management in the 5G era three interlinked modules are proposed:
 Reliable and passive QoE monitoring, including adaptive and objective QoE estimation mechanisms;
 Robust and real-time QoE-driven service management and CEM policies;  Efficient QoE controller to realize the interface between the middleware and the network functions.
The instrumental modules of CASPER will be integrated and optimized in a single solid solution that facilitates the following twofold long-term target:
 Customize service delivery through acquiring and combining knowledge available in distributed places, such as various network elements in the access/backhaul/core network, as well as in databases, human subjects and surrounding environments.  Motivate service providers to use enhanced QoE-driven service management techniques as well as advanced CEM policies by exploiting the potentialities of SDN/NFV technologies.
The remainder of the paper is organized as follows. Section II summarizes recent standardization activity considered in CASPER middleware architecture designing process. Section III and IV illustrate the CASPER embraced technologies and the key scenarios for evaluation and testbed implementation, respectively. Section V specifies service related requirements and Key Performance Indicators (KPIs) for the adopted scenarios. Section VI describes the architectural entities that will realize QoE provisioning over mobile networks. Section VII focuses on one of the key CASPER scenarios and describes tools that have been developed and will be used for the evaluation process. Concluding remarks are included in Section VIII.
II. RECENT STANDARDISATION ACTIVITY
In the domain of service quality, different mechanisms have been standardised depending on the wireless communication system. Focusing on Long Term Evolution (LTE) networks, 3rd Generation Partnership Project (3GPP) has standardised different bearers for differentiated treatment of the provided services, while traffic flows are separated by using Quality of Service (QoS) class identifiers (QCI) and allocation and retention priorities (ARP) [9] . Moving to the domain of QoE provisioning, the European Telecommunications Standards Institute (ETSI) has defined QoE requirements for multimedia services [10] . Building on TM Forum's metrics, and with the advent of SDN/NFV, industrial research aims at a closed-loop feedback control, where the system automatically will make small adjustments to the network while simultaneously measuring the impact of these adjustments. Thus, the network of the future will react autonomously to any foreseeable and unforeseeable conditions.
III. EMBRACED TECHNOLOGIES
The proposed middleware incorporates a QoE orchestrator on top of SDN/NFV tools such as OpenStack, OpenDay Light and the OpenFlow protocol [3] .
The main purpose will be to interact with the end-user and to self-configure and optimize in terms of locally available functionalities. For instance, upon recognition of a silver-age user, the local service management block could produce an indicative message to the application or other device software for self-configuring, if this functionality is supported. The fonts may be enlarged, the screen light may be increased, some help suggestions may pop-up on the screen more often, etc. Another example is the selection of a less transmission-power harvesting network, when the user terminal has low battery (e.g., switch to Wi-Fi for browsing instead of using the cellular network, especially if the user is at the cell-edge). Additionally, with the help of industrial beneficiaries, any proposed solution will consider the applicability and device constraints, towards developing QoE functions that can be directly applied to the current smart mobile devices.
More specifically, the ETSI NFV reference architecture [4] will provide the required functionality for QoE-driven service configuration in the network plane. Based on this architecture, future virtualized networks can provide a bi-directional closedloop feedback environment that, for the first time, can permit the implementation of systems that act autonomously in order to maintain high levels of QoE with minimal human intervention.
With respect to the network plane, the evaluation of the customers' QoE score is a huge asset that may be used not only for marketing and advertisement purposes, but also as a way to reduce customer churn (CEM procedures). Moreover, by using this information, the operator will have the power to perform more effective network and customer database management, optimize the network, improve the user experience and offer personalized services and quality to its customers. Such personalized quality of delivery will be performed with the aid of NFV control functions, on the top of different network devices at the access and the core network. In CASPER, innovative service management policies will be designed using as input the estimated personalized QoE value acquired by the estimation phase, together with the transaction profile under consideration and available information about the key influence indicators per transaction profile. More specifically, the use of SDN techniques will be examined towards isolating the control plane from the data plane, and allowing for a virtualized grouping and controlling of the communication sessions according to rules related to the transaction profiles that they belong to.
IV. TARGETED SCENARIOS

A. Scenario A: Real-time communication between two parties
The first scenario includes any type of real-time communication between two parties, directly via the infrastructure of the MNO or ISP. The involved users have connectivity to the same or different operators (intra-operator and inter-operator cases, respectively) and they may be located in the same or different cells. This scenario is presented in Figure 1 . The main application to be studied here is Voice over IP (VoIP), but also Short Message Service (SMS) or video calls fall into the same scenario.
Although video constitutes the majority of traffic nowadays, voice calls continue to be a dominant service used by everyone in a daily basis. In contrast to video, which is mainly associated to leisure browsing, voice calls may imply business or safety use cases. Thus, it remains critical, in a challenging packetbased era to provide excellent quality for voice calls. A great challenge is therefore the comprehension of QoE KPIs for voice calls, as well as the guaranteeing of excellent QoE under challenging network conditions or high congestion. Moreover, if multiple MNO/ISPs are involved, issues arise regarding liability in case of low QoE. The question for CASPER is how the technologies of NFV/SDN can be used for improving the voice experience of a mobile user, especially in a highly congested network or challenging network conditions (e.g., cell-edge user, etc.).
B. Scenario B:
Multimedia content delivery from a service provider This scenario mainly concerns cases of video content delivery, namely video streaming. The common paradigm nowadays is that OTT parties provide access to video streaming services,
The second scenario of CASPER is presented in Fig. 2 .
The main applications that are going to be studied here are: The major challenges in this category of scenarios stems from the fact that the video content is usually made available by an OTT provider, whereas it is delivered by a traditional MNO/ISP. Therefore, QoS/QoE guarantees from the OTT side are mostly absent, and are mainly oriented to providing a highresolution video content to the viewers. However, the delivery procedure of the content itself is in the discretion of the MNO/ISP. Only specific agreements between OTTs and MNO/ISPs can provide some kind of assurance regarding the quality of the delivered video, but these mainly concern the location of OTT video servers being close to critical points of the MNO/ISP infrastructure. However, other than that, no dynamic and on-demand control is feasible. Consequently, if the quality of the offered video is bad despite the OTT's proactive measures, the problem cause and potential solution are out of his reach.
A second challenge in these type of scenarios is the translation of QoS guarantees to QoE MOS and KPIs' satisfaction, since QoE is the major metric for evaluating the quality of a multimedia service. 
C. Scenario C: Real-time communication among multiple
parties via an intermediate server The third category of scenarios is the most challenging one since it includes an OTT provider, one or more MNO/ISP providers and multiple users. Applications that fall into this category are Skype calls (voice or video), Viber, gaming, and teleconference, among others. The traffic in this case is accumulated at a server in the possession of the OTT party, passing however through the network infrastructure of one or more MNO/ISPs (intra-operator and inter-operator case, respectively). This scenario is presented in Fig. 3 .
The challenges in this case include the ones discussed in the previous two scenarios, as well as the fact that this one involves multimedia content delivery. A major challenging issue from a QoE perspective is also that proper and reliable QoE estimation models for these types of applications are not available yet, and finding appropriate KPIs is not a trivial issue. QoE monitoring is a challenging topic too, since information from the OTT, MNO/ISP, and user need to be jointly collected and processed. The CASPER middleware architecture will tackle these challenges by providing interfaces to all involved parties for the purposes of QoE monitoring as well as management. It will therefore serve as a platform that enables interactions among the different stakeholders, with the target of providing user-personalized, application-aware and contextaware QoE improvements. The improvement of one or more of these parameters indicates that QoE will be also improved, and thus, network engineering targeted on these factors should be conducted. In parallel, the values of these KPIs represent an indication of whether the network delivery (e.g., KPI: delay) or the experience of the user (e.g., KPI: number of stalling events) are good or not. Overall, these KPIs can be seen as:
 QoE influence factors  Indicators of the quality of the user experience KPIs will be used as a "common vocabulary" for describing the effectiveness of the service delivery for the use cases investigated. Any proposed algorithms by CASPER will be tested against these KPIs, depicting their potential improvement.
VI. KEY ARCHITECTURAL ENTITIES
In CASPER we have identified three main entities, namely the QoE-Controller, QoE-Monitor and QoE-Manager, that are required towards introducing QoE in mobile networks of the 5G era.
QoE-Controller. Actually, it is the interface between the central entity and the underlying network. It performs the exchange of information in both directions. More specifically, it requests and collects feedback from appropriate data sources (arrows (1) and (2) in Fig.4 ) and it applies any QoE-aware control decisions back to the network (arrow (6) in Fig.4) . It also provides input of interest both to the QoE-Monitor and the QoE-Manager (arrows (3a) and (3b) in Fig. 4 ). In the communication with the QoE-Monitor, the QoE-Controller offers QoE-input data on a per flow basis, while in the communication with the QoE-Manager, it sends information regarding the current network state (e.g., availability of resources, performance statistics etc.).
QoE-Monitor.
This entity performs the estimation of the QoE and reports the results to the QoE-Manager (arrow (4) in Fig.4 ). To be more precise, the QoE-Monitor initially performs traffic classification using statistical analysis [13] to deduce the type of traffic of the considered flow. Then, it exploits built-in QoE assessment functions a.k.a QoE estimation models. Depending on the identified traffic type, the proper QoE estimation model is selected, followed by an estimation of the QoE. It needs to be noted, that all available QoE models can be integrated offline into the QoE-Monitor by the operators, namely during the design phase of the central QoE management entity and prior to its real-time operation, which makes the original selection of QoE models very crucial.
QoE-Manager.
This entity is in charge of conducting CEM (arrow (5a) in Fig. 4 ) and/or QoE-based network and service management (arrow (5b) in Fig. 4 ). It exploits input from the QoE-Controller regarding the current network state and estimated QoE scores from the QoE-Monitor. Additionally, it considers network policies or Service Level Agreements to decide and command measures that need to be imposed to the network for solving quality problems at hand. Decisions can be taken per flow or catholically, respecting user policies (e.g., subscription profile, charging information, etc.) and current network constraints (e.g., availability in resources). As mentioned in the description of the QoE-Controller entity, the adaptation/control actions that realize these decisions are applied to the network through the QoE-Controller. However, the QoE-Manager is in charge of actualizing the decisions based on the underlying network type. In this section, we focus on scenario B (Figure 2 ), where a mobile user consumes video content. We will describe tools that have been developed in the context of CASPER project regarding the QoE-Monitor and QoE-Management entities, presented in previous section. 
A. CASPER QoE-monitoring tool
To facilitate the analysis on QoE estimation (part of the QoEMonitor entity), in the context of CASPER we developed a mobile application that can monitor and store to a database video delivery characteristics (such as initial delay, stalling events etc.) and network characteristics (such as the connection type). The user / video consumer is requested to evaluate the presented video by giving a QoE score (i.e., a value between 1 and 5 that represents his/her satisfaction level regarding the network quality). The value provided by the user is also stored to the database. The collected data (user's feedback and monitored values) can be analyzed using machine learning techniques to set a mathematic formula that translated monitored parameters to a QoE score. The procedure to be used for the data collection will be based on specifications for subjective QoE tests and current work on crowdsourcing practices [14] . A storyboard of the application is presented in Figure 5 .
B. CASPER QoE-management tool
A key service management approach that can exploit QoE measures (or estimations) in application layer is the wellknown adaptive video streaming.
In recent years, adaptive video streaming is growing in popularity as the media content delivery standard for several user devices and electronics [15] . Adaptive streaming is comprised of a server and client software which interact with each other to measure a client's throughput capacity and adjusts the quality level of the projected video accordingly.
Delivering a media file with no dynamic quality adjustment was not enough. It could not support the midstream switching of a video stream to a number of available resolutions depending on the client's network conditions and connection speed. On top of that, the interruptions and buffering delays during playtime are unavoidable when a client's internet connection could not support the quality of the selected video or when it presents fluctuations.
MPEG responded to the clear need described above by issuing an official call for proposing an HTTP adaptive streaming standard in April 2009 [16] . According to the standard, the media content provided by a server consists of a segmented file and a media manifest file. The segments combined form media streams which deliver parts of the requested file, while the MPD manifest file gives information on the available content and its primary characteristics in order for the procedure to be coordinated.
Obtaining that MPD file is the first action of an MPEG-DASH client. The transmission method of the MPD file can either be an HTTP link or an email request, a broadcast or other. The MPEG-DASH client receives the MPD file to extract indispensable information about the media content such as timing, availability, formats or encoding alternatives. The MPD file can also notify the client for accessibility options, different resolutions available or even digital rights. However, the client's level of control, the adaptation decision-making and the player's behavior over time are not strictly defined in the MPEG-DASH specification [15] . It is only the above basic structure and the generic purpose of the segments and MPD files that remain unchanged between different media delivery applications. Values such as segment size or duration vary from application to application depending on the implemented switching logic [17] . In CASPER we embraced the idea of simulating an MPEG player's infrastructure in order to evaluate QoE based switching strategies. Towards this idea, we developed an MPEG/DASH client-server module with adaptive streaming capabilities by combining the NS3 simulation modules of a)
LENA (LTE functionality) [18] b) MPEG-DASH [19] , and c) Evalvid (Video Evaluation Module) [20] .
VIII. CONCLUTIONS
The new era of service provisioning requires brave steps beyond the current rigid architecture where network operators and service providers ignore the way that their customers perceive the provided services. CASPER project visions a user centric orchestration, joint for network and service management, enabled by the SDN and NFV technologies. The current paper describes meaningful scenarios where this orchestration can be proven beneficial and highlights the critical functions required to realize it.
